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!  FOREWORD 

f 


This  report  wb  prepared  by  the  Fluide  ead  Zubrioa&te  Branoh*  Nte- 
Metallio  Haterlala  Divlalon*  The  eork  we  Initiated  under  Projeot  Wo. 
3048,  ■Aireraft  Fuels* ,  Task  Ho.  30x78,  "Fuel  Contamination*.  It  irae 
administered  under  the  direotion  of  the  Materials  Laboratory,  Directorate 
of  Laboratories,  Wright  Air  Development  Center,  with  Lt.  Dale  Barsness 
and  A/2C  Homan  L.  Bertram  acting  as  projeot  engineers. 

This  report  covers  the  period  of  work  from  December  1958  to  March 

1959. 


abstract 


A  st^^y  of  the  saturation  limits  of  wat^  in  current 
fuels  orS  a  ten«»erature  range  of  40“?  to  90^  was  J%^el 

pwride  data  on  the  effects  of  water  solubility  on 

that  i.  r«el».a  from  .fflclenoy  teats  eondoeted  on 
various  Filter  Separator  Units. 

Within  the  limits  of  experimental  error,  it  was  a., 

addition  of  corrosion  inhibiting  additives  to  JP-4  Jet  fuel  did  not  signifi- 
cantly  increase  the  solubility  of  the  water  in  the  fuel. 
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INTROOUCTICBI 


Tills  study  vas  initiated  to  proride  a  base  line  on  saturation  llaita  of 
water  in  Jet  fuel  for  eoiqparlson  data  with  efficiency  teats  conducted  on  filter 
Separator  Units*  and  to  provide  a  ecnqparlson  of  solubility  data  between  unin* 
biblted  IP-4  Jet  fuel  and  fuels  containing  anti-corrosion  type  additives.  The 
fuel  samples  were  tested  for  total  water  content  using  Beekman.  KF-3  Aquameter 
Unit.  This  is  a  Karl  Fischer  Electrometric  Titration  method. 

Uninhibited  fuel  saflg>le8  and  fuel  sauries  containing  Specification  MIL-I- 
25017  additives  were  saturated  statically  over  an  excess  of  free  water  throughout  . 
the  teiqperature  range  of  to  9^^  • 

The  three  (3)  MlL-I-25017  corrosion  additives  that  were  studied  werei 

1.  Ottlf  Agent  178 

2.  Santolene  C 

3.  Masul  Eds 

V 

From  this  study,  results  indicate  that  no  change  or  effeots  on  water  solubility , 
is  produced  by  the  addition  of  the  corrosion  additives  to  JF-4. 


SECTION  I.  PREPABATION  OF  SPECIMENS 

The  teat  samples  were  prepared  by  saturating  Jet  fuel  over  an  excessive 
aznount  of  water  throughout  a  temperature  range  of  40  *  ^  90“  •  The  fuel  was 
saturated  by  plaeiDg  25Oc0  of  fuel  over  230ee  of  water  and  allowing  this  loixtVM 
to  stand  unagltated  for  a  minimum  of  twenty  (20)  hours  at  each  temperature.  ^ 
average  time  these  mixtures  were  allowed  to  stand  was  in  exeess  of  twenty  (20) 
hours.  Control  tests  were  run  to^determine  the  efficiency  of  a  tmty  (20)  hour 
period  for  convlete  saturation,  faults  of  water  content  (62  p^)  obt^nw  lo 
these  tests  conqpared  favorably  with  a  500  hour  standing  period  (58  ppa)« 
these  results,  it  appears  that  a  twenty  (20)  hour  period  should  be  sufficient 
for  full  saturation. 

Within  the  fuel  sauries,  maximum  and  minimum  concentration  as  well  as  various 
combinations  of  three  (3)  MIL-I-25017  type  additives  were  added  to  detena^  what 
effeo't  they  would  have  on  the  saturation  limits.  The  data  for  these  deterannations 
are  shown  in  Table  I.  These  a^dditlons  were  made  by  weight  in  (mg/oe). 


SECTION  IX.  SEIECTION  OF  MATERIALS 

The.  fuel  used  in  this  program  was  uninhibited  IP-4*  Uninhibited  fuel,  as 
referred  to  in  this  report ‘is  JP-4  as  it  is  received  from  the  refineries  wit^t 
the  addition  of  Specification  MIL-I.«5017  anti-corrosion  additives.  The  fue^ 
were  layered  over  distille^l  '‘•ter  for  moisture  saturation.  The  three  (3)  antl» 
corrosion  additives  selected  arei 
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1.  Oulf  Agent  178  (minimum  effectire  amount)  O.OI6O  mg/oe  Oulf  Oil  Corpomtioo 

(maximum  effeetlTe  amount)  O.058O  mg/co  Petrochemical  Dept. 

P.  0.  Box  1160 
Plttaburgjh  jOt  Ba. 


2 .  Santolene  C 


Nasul  Bds 


(minimum  effeetire  amount)  O.OII6  mg/cc  Monsanto  Chemical  Co. 
(maximum  effective  mnount)  O.0464  mg/cc  Organics  Chemical  Dir. 

600  N.  Teelfth  BltA. 
St.  Louis  1,  Missouri 


(minimum  effective  amount) 
(maximum  effective  amount) 


0.0421  mg/cc  B.T.  Vanderbilt  Co. 
0.0580  mg/co  230  Park  Avenue 

New  York  17 »  New  York 


SECTION  HI.  SEIBCTION  OF  APPARATUS 

To  obtain  controlled  temperatures  on  the  test  samples,  a  •trop**artic*  temper¬ 
ature  cabinet  was  used.  Here  the  test  samples  were  stored  at  the  selected  temper¬ 
ature  throughout  the  40*  to  90^^  range. 

Determinations' of  the  moisture  content  of  the  fuel  were  done  by  a  Karl  Fischer 
Electrometric  titration  using  a  Beckman  lCr-3  Aquameter.  The  Beckman  Aquaroter 
provides  a  rapid,  accurate  and  convenient  means  of  carrying  out  the  Karl  rischtt 
titration.  This  fully  automatic  instrument  simplifies  moisture 
such  an  extent  that  precise  analyses  can  be  made  in  a  few  minutes.  The  »del 
KF-3  is  suitable  for  materials  tdxieh  are  miscible  in  methanol  or  from  which 
methanol  will  extract  water  as  well  as  for  materials  not  miscible  idth  methanol, 
such  as  lubricating  oils  and  jet  fuels.  A  series  of  controlled  tests  were  ^  to 
obtain  experimental  accuracy  of  the  Bectanan  Aquameter.  Prom  four  (4) 
trolled  tests,  a  standard  deviation  of  -7  p^  or  (mg/L)  of  . 

The  confidence  limits  (95^)  for  these  four  (4)  toots,  gives  a  -11 
experimental  aocuracy.  This  compares  very  favorably  JS 

(mg/L)  water  accuracy  of  the  Karl  Fischer  Electrometric  titration  within  other 

laboratories.  . 


SBCTICN  IV.  TEST  PROCEDURES 

The  following  procedures  were  used  t  The  Beckman  Aquameter  was  operated  in 
a  room  with  a  controlled  temperature  of  75®B  5C«  h^dity. 

for  this  study  is  ASTM  D1364-55r.  The  Beckman  •Operating  and  Maintenance  Instzus< 
tlons* ,  Manual  No.  308-B  was  followed  for  use  of  the  KF-3  Aquameter. 

The  fuel  samples  were  transfered  from  the  storage  cabinet  with  a  hypodermic 
syringe  and  injected  through  a  rubber  dlaphraffn  into  the  Beckman  unit.  This 
oMthod  of  transfer  served  to  reduce  Mperimental  error  by  reducing  contact  of 
the  fuel  with  moisture  and  other  contaminants  from  the  atmosphere. 
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.  ^nl-»  of  .hr..  (3) 

tho  throa  (3)  rasalta  reppoaonta  tha  data  aa  raporta 

SEWICY.  IB3t  MSDIIS  am  <»MPtRISO»  of  DilA 

data  raaalaad  fr«  tala  taat  progfa.  ar.  praaaatad  la  th.  attaahad  tatla. 
and  graphs.  a  a 

Table  I  gl^es  the 

«”pj^j.ra:rar/;Y  g  *b"S’ao“?aJiisttrri. 

«  «•“  d.taraln.tl<«a  «d.  .ith  t  a 

S^SHad  f«l  a.  .ho»  in  Fleipaa  I  and  II. 

Plgnre  11  alMWs  the  high  ”^**”j!°!l/tL‘thrw*(3)^dlt^a. 

b.t»aen^“r  and  In  aldth  of  ahloh  *10  ’>* 

This  band  appears  to  be  instrument  and  operating 

attributed  to  the  accuracy  of  tho  test  max  Figure  I.  of  the  uninhibited 

Within  this  ban^  would  also  lie  no  definite  coimenta  can  be  made 

aS^ia^g^^iS  rt.rS'oL««:«»  da.  L  th.  addition  of  the  three  (3)  ,, 

eorrdalon  inhlhltora  teated.  „  to  th.  .ff«.ta 

Iron  the  nttaohed  tahlea  of  Yaaalta^ot^ar^eM  ee^lnatlona 

„  vatrconeentratlon.  due  to  w  o»  J2I. II!^^  "aulta  of  the  «n^- 

teatad.  By  a  «ibtr»>tlon.  a.  ahoen  In  Xrtla  ^  ioailnatlon.  aan  ha  oh«w«d  « 

.^nltlona  and  t^^atur.  r-^.  on  th.  doa-raor 

»ron  lltopatur.  ».P».y.  iSpSid^  Inalytl.al  ChM.l»W 

of  the  Karl  Macbap  S*“*”?!!f^tS^ta^.por^  on  the  Karl  Flaehar  titration 

S=.?-"S.SSi  ™ 

Reault.  on  «««:  ?SSaUS‘»  ^  ' 

r««:r  uV.rr.2.  Wd"  f-  - -tss  ^rdaroS 

solubility  limits  “  tithin  the  experimental  accuracy  of 

this  study.  Again,  these  waxtto  mnA 

test . 


SECTION  VI.  CONCIDSIOWS 


The  eoncJnalona  froi  tWa  .'"Furthw  atudy  on  fueU  _ 

rhit  «ie  «r.rereiT..“i-p«^  “ 
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vater  solubility  of  the  uninhibited  fuel.  Water  solubility  data  on  the  inhibited 
fuel  was  trithin  the  experintental  accuracy  of  the  test  program  and  therefore*  no 
definite  trends  could  be  attributed  to  the  addition  of  the  additives. 


TAB1£  I 


Types  of  Cooibinatio&s  Tested  and  Water  Content 
JP.4  orer  H2O  plus  Additive  1^0  Concentration  (PPM  or  ng/L) 


Gulf 

Agent  178 

Santo lene 

C 

Nasul 

Eds 

40°F 

5o°r 

60®F 

70®r 

80®F 

90®] 

JF>4 

No  additive 

No  added  H2O 

20 

25 

20 

10 

3^ 

31 

JP-4  ♦  H2O 

None 

None 

None 

35 

40 

42 

36 

65 

74 

1 

Hex 

— — 

— — 

32 

39 

23 

34 

62 

53 

2 

Max 

— - 

26 

47 

23 

40 

63 

51 

3 

tmwnmm 

Max 

20 

47 

31 

36 

65 

61 

k 

Min 

— — 

22 

45 

29 

37 

65 

74 

5 

Min 

28 

44 

28 

35 

65 

69 

6 

WLn 

29 

38 

25 

34 

66 

93 

7 

Max 

Max 

Max 

21 

31 

32 

38 

69 

80 

8 

Min 

Min 

Min 

27 

43 

37 

41 

68 

78 

9 

Max 

Max 

Min 

24 

41 

30 

41 

71 

84 

10 

Max 

Min 

Bfax 

25 

45 

42 

50 

68 

80 

11 

Min 

Max' 

Max 

26 

38 

35 

27 

66 

70 

12 

Max 

Max  , 

None 

24 

44 

36 

39 

76 

72 

13 

14 

Max 

None 

Max 

30 

46 

43 

26 

63 

55 

None 

Max 

Max 

45 

38 

28 

30 

70 

62 

0.0145  0a  ><BXi  Additive  by  wt  with 
^Oeo  1^0 

0.0040  ga  0.0030  0a  O.OIO5  0a  Min*  Additive  by  %ft  with 
»  230eo  1^0 


250ee  JP-4* 
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TABI£  n 


Inorease  or  Decrease  in  Saturation  Lerel  Due  to  Additives 
as  Coiqiared  with  the  Uninhibited  Fuel 


JF>4  orer  1^0  plxis  Additive  H2O  Concentration  (PPM  or  og/L) 


Gulf 

Agent  178 

Santolene  ' 
C 

Nasul 

Eds 

40®F 

50<^ 

6o"f 

70^. 

80"F 

90®F 

JP-4 

No  additiva 

No  added  H2O 

20 

25 

20 

10 

3i 

31 

*♦* 

Nraa 

None 

None 

35 

40 

42 

36 

65 

74 

1 

Max 

.... 

-3 

-1 

-19 

-2 

-3 

-21 

2 

— 

Max 

— 

-7 

+7 

-19 

+4 

-2 

-23 

3 

- - 

Max 

-15 

*7 

-11 

0 

0 

-13 

4 

Min 

‘ -  . 

-13 

*5 

-13 

♦1 

0 

0 

5 

Min 

-7 

♦4 

-14 

-1 

0 

-5 

6 

mm  mm 

Min 

-2 

-17 

•2 

♦1 

♦19 

7 

Max 

Max 

Max 

-14 

-9 

-10 

♦2 

+4 

♦6 

8 

Min 

Min 

Min 

-8 

+3 

-5 

*5 

*3 

+4 

9 

Max 

Max 

Min 

-U 

♦1 

-12 

*5 

♦6 

♦10 

10 

Max 

Min 

Max 

-10 

*5 

0 

+14 

+3 

U 

Min 

Max 

Max 

-9 

•2 

-7 

-9 

♦1 

-4 

12 

Max 

Max 

None 

•11 

-6 

♦3 

♦11 

-2 

13 

Max 

Nona 

Max 

-5 

♦6 

+1 

-10 

-2 

-19 

14 

None 

Max 

Max 

♦10 

-2 

-14 

-6 

♦5 

-12 

t  « 
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